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We will review information about and present hypotheses as to 
the anatomy of brown adipose tissue (BAT). Why is it located 
where it is in humans? Its anatomical distribution is likely to 
confer survival value by protecting critical organs from hypo- 
thermia by adaptive thermogenesis. Ultimately, the location and 
function will be important when considering therapeutic strate- 
gies for preventing and treating obesity and type 2 diabetes, in 
which case successful interventions will need to have a significant 
effect on BAT function in subjects living in a thermoneutral 
environment. In view of the diverse locations and potential 
differences in responsiveness between BAT depots, it is likely 
that BAT will be shown to have much more subtle and thus 
previously overlooked functions and regulatory control mecha- 
nisms. Diabetes 62:1783-1790, 2013 




Until -10 years ago, brown adipose tissue (BAT) 
was considered to be biologically active in 
neonates and young children generating heat 
during cold exposure by adaptive thermogenesis 
to maintain normal body temperature (1). BAT regressed 
with aging by transforming into white adipose tissue (WAT) 
(2), and BAT in adults was not considered important in 
energy metabolism (1,3). At that time, reports in the nuclear 
medicine literature surfaced that 18 F-fluorodeoxyglucose 
(FDG), an intravenously administered radioactive glucose 
analog taken up but not metabolized by neoplasms and 
used to delineate metastatic cancers in positron emission 
tomography (PET) scans, also localized in adipose tissues 
pinpointed by concomitant computed tomography (CT) 
(PET-CT fusion) scans to be commensurate with BAT and in 
most instances not with tumor tissue (4,5). It was therefore 
demonstrated that the main BAT depot was within the 
supraclavicular region, although as detailed below a number 
of perhaps less important depots were identified (6-11). 
Because more attention has been given to the physiology 
(6-9), pathophysiology (6), and clinical characteristics 
(10,11) of human BAT rather than its anatomy, the pur- 
pose of this Perspective is to review information about and 
to consider hypotheses why BAT is located where it is in 
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humans as well as the functional relevance and thera- 
peutic implications of its locations. 

LOCATIONS OF BAT IN HUMANS 

Table 1 shows the sites of BAT identified in Heaton's 1972 
series of human autopsies (2) corroborated and supple- 
mented by FDG PET-CT fusion scans performed in healthy 
volunteers exposed to cold under well-defined controlled 
clinical experimental conditions (6-8) or in patients re- 
ferred for cancer scans (4,5,10) without prior controlled 
warming in the scanning room to neutralize the effect of 
environmental cold (12). We have used Heaton's definition 
of BAT as fat containing multilocular adipocytes stained 
by hematoxylin-eosin on light microscopy (2) and have 
designated BAT as being visceral or subcutaneous, sub- 
dividing each category into separate depots according 
to their contiguous organ or tissue as depicted by 
Nedergaard, Bengtsson, and Cannon (1). It should be 
noted that, overall, the listed categories show similarities 
in BAT locations between humans (1) and rodents (13). 

Visceral BAT includes the following: 7) Perivascular 
BAT around the aorta, common carotid artery, and bra- 
chiocephalic artery; in anterior mediastinum (paracardial) 
fat (Fig. 1); and around epicardial coronary artery and 
cardiac veins as well as medium-sized muscular arteries 
and veins including the internal mammary and the in- 
tercostal artery branches from the subclavian and aorta. 
The intercostal veins drain blood from the chest and ab- 
dominal walls into the azygous veins, the left joining the 
main right azygous vein in the latter's thoracic cephalad 
course closely adjacent to the inferior vena cava before 
emptying into the superior vena cava (14). 2) Viscus BAT, 
defined as BAT surrounding a hollow muscular organ 
other than blood vessels, situated in variable amounts in 
the epicardium around the heart (Fig. 1) and in the 
esophago-tracheal groove, as well as greater omentum and 
transverse mesocolon in the peritoneal cavity. 3) BAT 
around solid organs, namely, kidney, adrenal, pancreas, 
liver, and splenic hilum including paravertebral fat, which 
was not examined in Heaton's series (2) but can be seen 
on CT scans of the thorax adjacent to periaortic fat (Fig. 1). 
It lies next to the intercostal artery from which a spinal 
branch supplies the spinal cord (14). To our knowledge, 
BAT has not been described in the meninges covering the 
brain and spinal cord or in the subcutaneous tissue of the 
scalp. 

Subcutaneous BAT includes depots lying between the 
anterior neck muscles and in the supraclavicular fossa 
posterior to the brachial plexus (10); under the clavicles; in 
the axilla; in the anterior abdominal wall; and in the in- 
guinal area. Importantly, BAT is present in all the afore- 
mentioned sites in infants and children under 10 years old 
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TABLE 1 

Distribution of human BAT 

Visceral brown fat 

Perivascular: aorta, common carotid artery, brachiocephalic 

artery, paracardial mediastinal fat, epicardial coronary 

artery and cardiac veins, internal mammary artery, and 

intercostal artery and vein 
Periviscus: heart, trachea and major bronchi at lung hilum, 

esophagus, greater omentum, and transverse mesocolon 
Around solid organs: thoracic paravertebral, pancreas, kidney, 

adrenal, liver, and hilum of spleen 
Subcutaneous brown fat 
Between anterior neck muscles and supraclavicular fossa 
Under the clavicles 
In the axilla 

Anterior abdominal wall 




and its distribution decreases in variable amounts with 
increasing age so that by 80 years old, few individuals have 
BAT at any site (2). Brown adipocytes defined by histology 
disappear from the interscapular fat pad at infancy and at 
10 years old from inguinal and anterior abdominal wall areas. 

In general, the most metabolically active BAT region 
based on calculations of maximal standard uptake values 
(SUV max ) of the FDG tracer is the supraclavicular fossa 
and axilla followed by the mediastinal, thoracic para- 
vertebral, perinephric, and adrenal loci (1,5). The mini- 
mum threshold for uptake and therefore the detection limit 
for the tracer in BAT has been defined as 2 SD above the 
maximal SUV distribution in typical WAT (9,10) and varies 
between >1 (10) and >2 g/mL (9,10,15,16). These values 
serve as the criterion for the presence (PET + ) or absence 
(PET) of BAT in any given site. Its limitation is that 
a region of interest such as the neck can be PET - but still 
exhibit islands of brown adipocytes containing specific 
uncoupling protein (UCP)l histologically (15) suggesting 
the PET-CT is not always detecting metabolically active 
BAT. This could relate in part to the radioactive FDG 
substrate adopted, as it is clear that although the radio 
density of n C acetate, an alternative tracer of intermediary 




FIG. 1. A view of the human heart on an axial CT scan showing the 
location of fat around the epicardium, paracardial mediastinum, 
descending aorta, and paravertebral region. 



metabolism, increases with cold exposure, there is ap- 
preciable uptake under warm conditions (9). There are 
other limitations in studies using current imaging meth- 
odologies to delineate BAT and quantitate its function. 
These include 7) the need for exposure to significant 
amounts of radiation, 2) the need for tissue biopsy, and 3) 
as summarized in Table 2, the wide between-subject vari- 
ability of FDG uptake and limited responsiveness to acute 
stimulation that could result from different individual 
temperature thresholds for switching on nonshivering 
thermogenesis. Like FDG PET-CT, thermal imaging (TI) 
(17) can detect incremental BAT activity as the heat re- 
leased in the supraclavicular and related areas of both lean 
and obese subjects, as exemplified in Fig. 2, but cannot 
monitor heat emission from BAT inside thoracic and ab- 
dominal cavities because they are beyond the detection 
limit of the sensor. 

UCP1 immunohistochemical staining has been demon- 
strated in dense clusters of BAT from supraclavicular fat 
of healthy adults (7,10,15,18) and in omental fat from 
a patient with a pheochromocytoma (13) as well as in 
a biopsy from superficial subcutaneous periumbolical fat 
from a patient treated with chronic thyrotropin-suppressive 
doses of L-thyroxine for papillary thyroid cancer (19). Ex- 
pression of UCP1 mRNA in supraclavicular fat (7) is sev- 
eral orders of magnitude higher than the low levels 
measured in neck subcutaneous WAT as well as upper 
manubrium sternum subcutaneous fat, which is signifi- 
cantly greater than its expression in superficial abdominal 
fat and lower-limb subcutaneous fat (20). The cellular 
source of the low expression of UCP1 mRNA in truncal 
and lower-extremity subcutaneous WAT remains to be 
defined but might stem from the same lineage as the beige, 
also known as brite (brown-in-white), adipocytes recently 
reported by Wu et al. (21) in human adult supraclavicular 
BAT and by Sharp et al. (22) in autopsy samples from in- 
fant, children, and teenager supraclavicular, posterior 
mediastinum, retroperitoneal, intra-abdominal, and mes- 
enteric depots and that originate from a recruitable clone 
of precursors distinct from the adipo-myeloblasts found in 
classic BAT (21). 

In healthy lean male and female adults (mean ± SD age 
40 ± 9 years), mean weight of cold-activated human BAT 
calculated by PET-CT was 34 g (range 9-90) (8). This in- 
cluded the dominant supraclavicular area as well as par- 
aspinal and para-aortic regions, the axillary depot, the 
mediastinum, and close to the adrenal glands. That esti- 
mate compares with the mean 151 g (range 29-296) in 
cold-exposed young men (9) and with 12-170 g in a cohort 
of PET + patients without prior cold activation (10). Based 
on the calculation of 63 g cervical BAT reported in a dif- 
ferent study by Virtanen et al. (7), it was estimated that 
activated BAT thermogenesis contributed 4.5% to whole- 
body energy expenditure, which was considered to be sig- 
nificant (23) and commensurate with the goal of exploiting 
BAT to burn excess calories stored in WAT for weight loss 
in obesity and type 2 diabetes (3). The —5% figure cited 
above could be an underestimate by a factor of two to three 
in some subjects because of their greater BAT mass. 

SPECULATIONS ON THE FUNCTIONAL RELEVANCE OF 
THE LOCATIONS OF HUMAN BAT 

Blood vessel temperature regulation. The distribution 
of BAT in warm-blooded animals provides the basis for 
understanding the functional relevance of the anatomic 
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FIG. 2. Representative examples of thermal images showing the dif- 
ference in temperature of BAT located within the supraclavicular re- 
gion in a lean 47-year-old adult male (A and B} (BMI 21 kg/m 2 ) 
compared with an age-matched healthy obese male (C and Z>) (BMI 
30 kg/m 2 ) in a control period (A and C) and in response to cooling of the 
hand (B and Z>). Orange pixels: 36.0-36.5°C; yeUow pixels: 35.5-36.0°C. 

locations of human BAT. To quote Smith and Horwitz in 
their extensive 1969 review of brown fat and thermo- 
genesis in mammals including rodents (24), "in brief, the 
brown fat provides an internal heating jacket that overlies 
parts of the systemic vasculature and on signal becomes 
an active metabolic heater applied directly to the flowing 
bloodstream as it passes to and from the cooler periphery." 
Since blood vessel anatomy and topography in rodents 
(25) are similar to those of man (14), this explanation 
would account for the distribution of BAT in humans along 
the major arteries and veins functioning as a local heating 
jacket. Other than serving a vascular heating role, the ab- 
sence of human data establishing the selective functional 
regulation of BAT depots or of models that assess the 
optimal locations of thermogenic sources for maintaining 
core temperature renders any teleological assignment of 
a "local" warming function based on the sites of BAT 
depots speculative and hypothesis generating. 

Human BAT contains a rich plexus of blood vessels (18). 
Human cervical BAT nonshivering thermogenesis is cou- 
pled to a doubling of its blood perfusion from 7.5 to 15.9 
mL/min/100 g fat tissue compared with no change in neck 
WAT perfusion (3.0 mL/min/100 g) (8). Its purpose is to 
supply more free fatty acids, glucose, and oxygen as 
substrates for augmented mitochondrial oxidation and 
uncoupling via UCP1 to generate heat released into the 
effluent blood reaching the systemic circulation (8). That 
this local mechanism would be supplemented by dissipa- 
tion of heat outwardly from BAT to contiguous vessels and 
viscera in overall temperature homeostasis makes sense 
but is as yet unproven. Cannon and Nedergaard noted that 
the physiological significance of BAT would have been 
much simpler if it were only found in one place in the body 
rather than in defined but dispersed areas (26). Assuming 
a mass of —150 g human BAT (as discussed above), 
a cardiac output of 5 L/min, and a maximal activated blood 
flow of 15 mL/min/100 g in all BAT locations, the time 
taken to warm for the circulating blood volume to trans- 
verse BAT concentrated in one organ would be -3.7 h. 
A more relevant functional calculation is the blood tem- 
perature gradient across the BAT depot between the vas- 
cular influx and efflux reflecting the release of heat 
generated by activated BAT. In the rodent's dominant 
interscapular BAT depot, total heat production at 6°C 
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increased to the order of seven times that of control values 
at 26°C (versus lesser fold increases in other BATs), which 
was enough to raise the temperature of its venous drainage 
by ~1°C or more (25). Another estimate, which has not 
been reported in animal studies, is the fraction of 
generated heat that would diffuse outwardly to warm 
a contiguous organ. Those considerations aside from an 
evolutionary viewpoint and the biological necessity to heat 
organs quickly during acute cold stress, organizing BAT 
around the vasculature more diffusely but targeting warm 
blood directly to vital organs seems plausible. 

On the venous side of the human circulation, blood with 
lower-than-normal temperature in the subclavian and jug- 
ular veins resulting from cold-exposed upper extremities, 
head, and neck would be warmed by axillary, supra- and 
subclavicular, and superior mediastinal BAT. For individ- 
uals of normal body weight, the supraclavicular and axil- 
lary regions colocating to the primary areas in which BAT 
is located in humans can readily be detected using TI (17). 
Figure 3A and B shows the release of heat from bilateral 
cervical-axillary BAT upon its acute activation by immersion 
of an 7-year-old child's left hand into cool water at 20°C. This 
response cannot be explained only by increased blood flow 
(17). TI demonstrates heat generation as the ultimate step 
in BAT activity in contrast to radioactive tracer uptake 
methods such as FDG or 18 F-fluoro-thiaheptadecanoic acid 
(9) that show metabolic reactions at steps early in ther- 
mogenesis. The collection of BAT in the cervical-axillary 
region is strategically placed to offset the influx of cooled 
venous blood from the upper body into the right atrium, 
which confers survival value because the myocardium is 
susceptible to life-threatening arrhythmias resulting from 
a decrease in coronary blood temperature (27). In this 
respect, the age-dependent decline in overall BAT mass 
(2,10,11,16) and in epicardial UCP1 (20) could be one 
reason the elderly are prone to succumb to hypothermia 
(28). Venous blood from the abdominal and chest walls 
would be warmed by BAT around the intercostal veins and 
along the azygous venous system, which also drains blood 
from the interscapular fat pad, the primary BAT source of 
heating in rodents (25). Like BAT around intrathoracic 
viscera and the spine, the azygous system is not seen on 
TI because it is situated inside the chest wall beyond the 
limit of the infrared thermal sensor. Subcutaneous BAT in 
the inguinal fossa might contribute to warming the femoral 
vein blood from the lower limbs in young children. As in- 
guinal BAT disappears in adults, it is assumed that lower- 
extremity blood could be warmed in the inferior vena cava 
in transit to the heart by the ambient intra-abdominal and 
intrathoracic cavity temperatures because there is a gra- 
dient of increasing temperature in the large veins as they 
approach the heart (29). 

On the arterial side, cardiac output should be optimally 
warmed to ensure normal function of the myocardium and 
other vital organs such as brain, kidney, adrenal, and liver 
supplied by the aorta and its respective major branches. 
With the exception of the brain, which is devoid of BAT in 
the cranial cavity, BAT in immediate contiguity with the 
other organs could act as local back-up systems. Thus, 
hypothetically, the presence of substantial amounts of 
BAT around the common carotid and vertebral arteries in 
the neck could provide an "insurance policy" to deal with 
any drop in cerebral arterial blood temperature en route to 
the brain when the head and neck might be exposed to 
very cold temperatures. There is evidence that in patients 
undergoing pentothal-nitrous oxide general anesthesia 
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FIG. 3. Anterior thermal images of the neck and upper thorax from four normal body weight males of the same family from three generations 
before and after placing one hand in cold water at 20°C. Seven-year-old (A and 1?) (on 25th BMI centile) and 13-year-old (C and Z>) (on 75th BMI 
centile) sons, 49-year-old father (E andF) (BMI 20 kg/m 2 ), and 73-year-old grandfather (G andff) (BMI 24 kg/m 2 ). Red pixels: 36.5-37.0°C; orange 
pixels: 36.0-36.5°C; yellow pixels: 35.5-36.0°C. 



during carotid arteriography, intracarotid blood temper- 
ature measured by a thermistor probe decreased 0.2-0.5°C 
when ice packs were applied to the same side of the an- 
terior parts of the face and forehead (30). The authors 
suggested that the probable mechanism for this cooling 
was heat exchange between the artery and cooler blood in 
the internal jugular vein derived from the facial veins. 
However, in humans the sympathetic neural outflow is 
inhibited by pentothal administration (31), and any com- 
pensatory warming by cervical BAT would have been ne- 
gated. However, as demonstrated by TI, cooling the hand 
of children and adults can increase the temperature of 
subcutaneous cervical BAT by 0.3-0.7°C (17), which might 
be sufficient to attenuate this 0.2-0.5°C drop in intra- 
carotid temperature by convectional heat transfer across 
the carotid sheath. In conscious healthy men, head and 
neck cooling that dropped forehead skin and external 
auditory canal (tympanic) temperature by —12 and ~5°C, 
respectively, did not reduce core temperature and by in- 
ference carotid temperature but caused peripheral vaso- 
constriction and a rise in blood pressure (32). This showed 
that sympathetic nervous system activation did occur in 
a manner consistent with activation of central efferent 
sympathetic outflows to BAT and, consequently, by BAT 



thermogenesis as demonstrated by skin cooling experi- 
ments in rodents (33). Thus, protection of the extracranial 
arterial blood temperature against cold by cervical BAT 
thermogenesis seems plausible. 

In rodents, the anatomical distribution of BAT and the 
use of vascular countercurrent heat exchange during the 
cold-induced thermogenic response also protects the ani- 
mal by contributing heat to the vital organs of the thorax, 
the cervical and thoracic segments of the spinal cord, and 
the sympathetic chain (25). In man, local warming of the 
thoracic spinal cord and sympathetic ganglia would be 
done by paravertebral BAT and putatively by nearby in- 
tercostal arteries as they give off spinal branches that 
anastomose with the anterior spinal cord artery (14). 
Likewise, the proximity of supraclavicular BAT to the 
brachial plexus (9) might facilitate normal nerve conduc- 
tion between upper-limb skin thermal receptors via affer- 
ent sensory neuronal inputs to various parts of the brain 
and spinal cord that regulate the neurophysiological con- 
trol of thermogenesis (34). The subclavian outflow to the 
upper limbs would be warmed by the supraclavicular fat. 
Hence, from an anatomical perspective, cervical and tho- 
racic paravertebral BAT might safeguard central nervous 
and autonomic system functioning and upper-limb muscle 
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power and coordination during hypothermia. BAT along 
the trachea and the major bronchi at the lung hilum might 
heat inhaled cold air on its way through the airways to the 
alveolar-capillary units responsible for gaseous exchange, 
and the esophageal BAT might warm ingested food and 
fluids. Whether heat would be lost from lower temper- 
atures in the alveolar-capillary network resulting in cooling 
of pulmonary vein blood is not clear because in a human 
who inspired 4°C air, common carotid (and by inference 
proximal aortic, left ventricular, and atrial as well as pul- 
monary venous blood) temperature was not substantially 
affected (30). In healthy humans who ingested cold water, 
esophageal motility markedly slowed down (35), so the 
function of activated esophageal BAT might be to maintain 
temperature necessary for normal esophageal peristalsis 
after ingestion of food and fluids, as has been shown with 
TI (36), which would be important as food consumption 
increases in the cold (26). 

A putative functional role in vasomotor reactivity. 

Perivascular fat around the adventitia of vessels (PVAT) 
can affect vasomotion in arteries by the release of pro- or 
anti- contractile adipokines (37). In rodents, aortic PVAT is 
composed of BAT and WAT (37), with BAT predominating 
in thoracic over abdominal aorta (38). Compared with 
isolated rodent aorta rings without PVAT, rings with intact 
PVAT exhibited anticontractile (vasodilatory) responses 
when incubated with norepinephrine (39). Whether vaso- 
reactivity in rodent aorta originates from BAT-derived 
adipokines ("bradipokines") (26) and whether UCP1 itself 
is involved are not known. BAT is present in some strains 
of UCP1 gene knockout mice (26), so UCPl-independent 
responses of aortic rings to bradykinin or other agonists 
with and without PVAT in vitro could be tested in this 
model. In other species, epicardial fat impaired bradykinin- 
mediated endothelial (i.e., nitric oxide)-dependent coro- 
nary vasodilation when tested in normal adult dogs with 
no effect in normal pigs (40). Adult dogs, unlike young 
puppies, have undetectable epicardial UCP1 protein and 
mRNA, which can be induced by administering a (33- 
adrenergic receptor agonist drug (41). Pigs lack BAT, and 
their UCP1 gene is nonfunctional, having been disrupted 
by several mutations (42), so that the absence of pig epi- 
cardial BAT is associated with normal coronary responses 
to bradykinin. Human epicardial fat in type 2 diabetic and 
metabolic syndrome patients with coronary atherosclero- 
sis (CAD) expressed amounts of UCP1 similar to those 
expressed in control subjects without diabetes, metabolic 
syndrome, and CAD (20). Brown adipocytes have been 
observed in histology sections of human CAD plaques at 
autopsy (43). The role and significance of PVAT and 
perivascular BAT per se in vascular biology and path- 
ophysiology remain to be clarified. 



HOW COULD LOCATION OF BAT AFFECT THERAPEUTIC 
STRATEGIES FOR OBESITY AND TYPE 2 DIABETES? 

Obesity is associated with a reduction in BAT activity 
(6,44) but the extent to which obesity is cause or effect or 
involved in a vicious cycle or energy intake exceeding 
expenditure remains to be established. Moreover, sub- 
cutaneous fat provides insulation against heat loss and 
therefore has a role in the defense against sustained cold 
exposure; its depth would not be a major factor in the 
acute response to cold that is primarily driven by cool 
receptors in the skin (44). As a consequence, the retention 
of heat by insulation in obesity might be a factor that 



results in the individual's decreased BAT responsiveness 
to cold. Despite these concerns, potential interventions 
that target BAT bioenergetics in order to treat obesity and 
its related metabolic disorders have been published 
(3,45,46). A clear challenge is to chronically upregulate 
a tissue that has a marked divergence in metabolic sensi- 
tivity between individuals, at least when functionally 
assessed using PET-CT (Table 2). They could, however, 
include 7) in vivo methods such as increasing BAT mass 
and thermogenesis in established depots or by differenti- 
ation (recruitment) from brite/beige progenitor cells lo- 
cated in WAT using systemically administered agents, 
2) local injection of pharmacological compounds into BAT 
or WAT depots, 3) lowering ambient indoor temperature to 
values below thermoneutrality to trigger nonshivering 
thermogenesis (such as 16-1 7°C) if tolerated by people, 
4) promoting skeletal muscle thermogenesis, and 5) 
increasing general mitochondrial uncoupling. 

In a small cohort of morbidly obese patients (mean BMI 
40 kg/m 2 , mean age 42 years), reduced BAT activity was 
restituted in sites normally present in lean individuals 1 
year after bariatric surgically induced weight reduction in 
some, but not all, patients and with lower amounts of PET + 
uptake (47). This recruitment of BAT needs to be studied 
in a larger number of patients and its cellular mechanism(s) 
ascertained, but if BAT remains deficient, BAT re- 
placement should be considered. In this context, if 
precursors are harvested from WAT depots in obese 
BAT-deficient subjects and engineered ex vivo to produce 
mature brown adipocytes that are transplanted by in- 
jection in vivo (46), should those cells be transplanted in 
the neck where most BAT normally resides? Alternatively, 
should they be administered into subcutaneous abdominal 
or other superficial WAT and would those cells acquire the 
blood and nerve supply necessary for a process as tightly 
regulated as thermogenesis? The same consideration 
applies to choosing the (nonintravenous) site of injection 
of a therapeutic agent that can promote local brown adi- 
pogenesis. In either case, targeting the neck might be 
riskier than abdominal WAT given cervical and supra- 
clavicular BAT's anatomical relations to the brachial 
plexus, carotid sheath, and subclavian vessels. In addition 
to the obese, the question arises whether the elderly might 
be a cohort that benefits from BAT replacement therapy 
because of the elderly population's low BAT mass and 
increased risk of death from accidental hypothermia. The 
ultimate choice of these and other approaches will depend 
on and be guided by comprehensive animal studies, safety 
considerations, and the refinement of accurate imaging 
modalities sufficiently sensitive to detect BAT not only in 
established sites in the neck and inside the thorax and 
abdomen but also in smaller clusters or islands in sub- 
cutaneous WAT (3,44,46). 

Although the utility of TI in assessing BAT activation in 
obesity may be limited, TI could be used in physiological, 
genetic, and epidemiological investigations. TI technology 
is relatively inexpensive compared with PET, safe, and 
repeatable. From the physiological perspective, TI shows 
that the supraclavicular BAT depot responds to stimuli 
including extremity cooling as well as drinking liquid (36), 
and BAT activity measured by this technique decreases 
with age in accord with findings from PET-CT studies 
(10,11,16). As illustrated in Fig. 3A-H, there is a clear ge- 
netic component in determining the abundance and ac- 
tivity of BAT. Given the extensive genotyping data from 
GWAS studies that have previously relied on the relatively 
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crude measurement of BMI to determine genetic traits for 
body weight regulation (48), TI can now be used to directly 
assess the relationship between genotype, BAT function, 
and body composition. That said, it remains to be 
established that BAT within the neck, as the single 
dominant location and with the relative ease with which 
it can be stimulated and recorded with TI, will be a valid 
technique in enabling these types of population-based 
as well as genetic studies. Indeed, as the cost of TI 
cameras starts to fall, then it could be part of routine 
biometric data collected on all individuals through their 
life span. 

In conclusion, the distribution of human BAT along the 
vasculature and around critical organs putatively confers 
survival value by hypothermia-induced adaptive thermo- 
genesis, thereby preserving normal body temperature and, 
in turn, vital functions (26). In particular, its role in the 
defense of the central and autonomic (sympathetic) ner- 
vous systems against cold may be important. Where BAT 
resides normally in humans should be considered in basic 
and clinical science investigations as well as in weight loss 
strategies for treating obesity and type 2 diabetes, but 
currently, the role of BAT-based therapy as it relates to 
BAT anatomy requires further study. 
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